is as a type of ρ GTPase suggested to serve an important role in tumor occurrence and development through the effects of cytoskeletal remodeling, and cell conduction mechanism. IBP is widely expressed in the immune system and expressed in several types of tumors. However, its expression and prognostic value in epithelial ovarian carcinoma (EOC) remain unclear. The present study aimed to investigate the expression of IBP in EOC, and its effect on clinicopathological variables and prognosis. A total of 107 and 30 cases of epithelial ovarian carcinoma and benign ovarian disease tissue sections, respectively, were examined using immunohistochemistry. The results indicated that the IBP expression status was negative or markedly weak in normal tissues, but highly expressed in EOC tissues. A significant association was observed between IBP overexpression and various clinicopathological factors, including advanced International Federation of Gynecology and Obstetrics stage (P<0.001), poor histologic grade (P=0.002), peritoneal carcinomatosis (P<0.001), lymph-node metastasis (P=0.023) and recurrence (P<0.001). Multivariate Cox regression analysis additionally suggested that IBP overexpression was an independent factor affecting recurrence-free survival [hazard ratio (HR)=4.099; 95% confidence interval (CI), 2.209-7.606; P<0.001) and overall survival (HR=2.317; 95% CI, 1.484-3.617; P<0.001) in patients with EOC. The results of the present study demonstrated that IBP overexpression may be associated with tumor development and progression in EOC, and therefore may serve as a novel target for treating this disease.
Introduction
Ovarian carcinoma is one of the most common malignancies of the female reproductive system and remains a major global health problem. In 2012, 238,700 new cases were diagnosed, and 151,900 females succumbed to this disease worldwide (1) . One of the most common types of ovarian cancer is epithelial ovarian cancer (EOC), which accounts for ~90% of all cases (2) . Due to the lack of early diagnostic methods EOC is usually diagnosed at a late stage, reducing the chance of successful treatment (3) . The primary factor that limits the efficacy of treatment in EOC is chemotherapy resistance. In previous years, there have been advances in medical treatments and several novel chemotherapeutic regimens have been identified in EOC; however, these continue to result in poor prognoses. Therefore, there is a requirement to characterize the pathogenesis of EOC and identify novel and efficient prognostic markers.
Interferon regulatory factor-4 binding protein (IBP), which had been isolated from the human cDNA library, was first identified during the search for the potential partner of the lymphoid-restricted transcription factor interferon regulatory (IRF-4) in 2003 (4) . IBP is primarily expressed in lymphocytes and located in the cytoplasm. As IBP is a type of protein that participates in the formation of T cell-mediated immunity synapses under T-cell receptor signal stimulation and associates with the activity of T-helper cell (Th)2 cells, early studies of IBP focused on the lymphatic system (4, 5) . Through the inhibition of IRF-4 transcription factor activity, IBP may also decrease the generation of interleukin-17/21, and affect the function of Th17 cells (6, 7) . In addition, IBP participates in the regulation of the Toll-like receptor signal transduction pathway, in which mitogen-activated protein kinase and nuclear factor-κB are involved. Therefore, IBP serves an important function in maintaining immune homeostasis. IBP-knockout mice exhibited symptoms of autoimmune disease (8) . Gene expression profiles demonstrate that IBP is one of the top five differentially expressed genes in extraskeletal myxoid chondrosarcoma (9) . IBP may also be considered as a guanine nucleotide exchange factor (GEF), which activates the ρ GTPase family members, including ras-related C3 botulinum toxin substrate 1 (Rac1), cell division control protein 42 homolog and ras homolog gene family, member A (10). The ρ GTPase family serves an important function in the metabolism of tumor cells, and the progression of tumor proliferation, migration and invasion (11) . In addition, the high expression of GEF and the guanosine triphosphate (GTP) ρ enzyme family are often associated with tumor occurrence (11) . Therefore, IBP molecules may have a direct or indirect effect on cytoskeleton remodeling, and cell transmission mechanism, which serves a certain function in tumor development. Consequently, IBP may serve as a novel and efficient prognostic marker. At present, previous studies investigating IBP and its effects in tumors are limited. Existing data suggests that IBP may promote the development of breast cancer and colorectal cancer, and increases the invasiveness of oral squamous cell carcinoma (12) (13) (14) . However, the expression and prognostic value of IBP in ovarian cancer remain unknown.
The present study aimed to reveal the expression of IBP in epithelial ovarian cancer and its association with clinicopathological features, then determine whether IBP may perform as a novel prognostic factor of EOC.
Materials and methods
Patients and tissue samples. All the paraffin-embedded samples and clinical data were selected from the Department of Gynecologic Oncology, Third Affiliated Hospital of Harbin Medical University (Harbin, China) between January 2008 and January 2011. The inclusion criteria of ovarian cancer patients were as follows: i) Diagnosed with ovarian cancer via pathology; ii) did not suffer from other malignant diseases; and iii) patients had not undergone any preoperative treatment, including chemotherapy or radiotherapy. Exclusion criteria were listed as: i) Was diagnosed with serious systemic disease; ii) the tumor had distant metastasis; iii) the patient had not received a radical resection. A total of 107 patients who met the aforementioned criteria were enrolled in the present study aged 22-76 years old (with a median age of 54 years old). All patients with ovarian cancer were treated with cytoreductive surgery, which was followed by six courses of standard platinum-based combination chemotherapy, consisting of six courses of treatment with three weeks between each course.
The surgical staging of all patients was confirmed based on The International Federation of Gynecology and Obstetrics stage (FIGO) and subsequently classified into early (I-II) and advanced stages (III-IV) (15). Histological type and tumor grade were based on the World Health Organization classification standard (16) . Histological grade (tumor differentiation) was determined in accordance with the standard Silverberg grading system (17) , and classified into low (G1) and high levels (G2-G3). A complete set of all parameters was obtained; these parameters included patient age, histological grade, clinical stage, CA-125 level, ascites volume, lymph-node metastasis and peritoneal carcinomatosis, and whether recurrence, overall survival (OS), and recurrence-free survival (RFS) occurred. The study protocol was approved by the Ethics Committee of the Third Affiliated Hospital of Harbin Medical University and all patients provided written informed consent.
For survival analysis, all enrolled patients with ovarian cancer were followed up periodically until mortality or up to 5 years following surgery. The median follow-up time was 48 months (ranging from 3-60 months). Within 2 years following surgery, examinations, including serum cancer antigen (CA)-125, pelvic magnetic resonance imaging, chest X-ray and color Doppler ultrasound of abdomen, were performed every 3 months. During the postoperative period of 3-5 years, the aforementioned tests were repeated once every 6 months and annually thereafter. RFS was defined as the time span between the date of surgery and diagnosed recurrence or distant metastasis. OS was measured as the time interval from the date of surgery to mortality, which included all-cause mortality or the termination of the follow-up period of the present study.
Immunohistochemical (IHC) staining. Slices (4-µm thick) were cut from paraffin-embedded specimens stored by the pathology department of The Third Affiliated Hospital of Harbin Medical University (Harbin, China), and hematoxylin and eosin (HE) staining was conducted on these samples. IHC staining was performed on tissue slices adjacent to the HE-stained section using an avidin-biotin immunoperoxidase technique, as follows. These sections were incubated at 80˚C for 30 min, deparaffinized with xylene, and rehydrated with different alcohol concentrations (Analytically pure ethanol concentrations were: 100, 95 and 80%, each for 5-10 min). All dewaxed slices were immersed in 0.01 mmol/l citrate buffer (pH 6.0) and maintained in high-pressure steam at 121˚C for 4 min to fix antigenicity. Subsequently, the slices were cooled to room temperature. To remove the endogenous peroxidase activity, the slices were placed in 3% hydrogen peroxide for 10 min at room temperature. Tissue sections were incubated with IBP-specific mouse monoclonal antibodies (dilution 1:100; Abcam, Cambridge, UK; cat. no. ab57228) at 4˚C overnight, washed three times (5 min each) with PBS, and finally incubated at 37˚C with biotin-labeled secondary antibody (goat anti-mouse immunoglobulin G; undiluted; cat. no. Pv6000; OriGene Technologies, Inc., Rockville, MD, USA) and horseradish peroxidase-conjugated streptavidin for 20 min. All slices were immersed in 3,3 diaminobenzidine tetrahydrochloride (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) at 37˚C, which was followed by Meyer hematoxylin (undiluted) at room temperature for 1 min to counterstain. The negative control sections were incubated at 4˚C overnight with rabbit serum (undiluted; cat. no. AR0010; Boster Biological Technology Co., Ltd., Wuhan, China), instead of primary antibodies. Statistical analysis. All data are presented as the mean ± the standard deviation. A χ 2 test was used to analyze the association between IBP overexpression and clinicopathological variables. OS and RFS were calculated according to the Kaplan-Meier method, and a univariate analysis of the log-rank test was used to evaluate the differences among the levels of potential prognostic factors. In the multivariate analysis, a Cox proportional hazard regression model was used to assess the independent predictive factors of OS and RFS. P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS version 19.0 software (IBM Corp., Armonk, NY, USA).
Results

IBP is highly expressed in patients with epithelial ovarian carcinoma.
Representative immunostaining of IBP is demonstrated in Fig. 1 . The positive cells were stained brown. Fig. 1A indicates the negative expression of IBP in normal ovarian tissue and Fig. 1B exhibits the negative control in ovarian carcinoma. Fig. 1C and D demonstrate a low expression of IBP in low-level and high-level serous epithelial ovarian carcinoma, respectively. Fig. 1E and F indicate a strong positive expression of IBP in high-level serous epithelial ovarian carcinoma and endometrioid epithelial ovarian carcinoma. Fig. 1G and H demonstrate positive expression of IBP in lymphoid tissue. In the present study, IBP was not expressed in normal ovary tissues (Fig. 1A) . However, in the epithelial ovarian carcinoma tissue samples, 39/107 (36.4%) slices exhibited low IBP expression, and 68/107 (63.6%) sections indicated high IBP expression. In epithelial ovarian carcinoma tissue samples, as indicated in Fig. 1 stage (P<0.001), histologic grade (P=0.002), relapse rate (P<0.001), lymphatic metastasis (P=0.023), and peritoneal carcinomatosis (P<0.001). In contrast, no statistically significant associations between IBP and age (P=0.120), histological type (P=0.054), preoperative serum CA-125 (P=0.301), ascites (P=0.587) or other pathological parameters were observed.
To investigate the potential clinical utility of IBP overexpression, the association between IBP and OS, and RFS outcomes in 107 cases of epithelial ovarian carcinoma specimens was assessed. Kaplan-Meier and log-rank test methods were used, and it was identified that a high expression of IBP was associated with relatively short RFS and OS times compared with the low expression group (P<0.001 and P<0.001, respectively; Table II; Fig. 2 ). In addition, alongside IBP overexpression, FIGO stage, histological type, histological grade, lymph node metastasis and peritoneal metastasis were associated with epithelial ovarian cancer prognosis.
Parameters identified as significant in the univariate Kaplan-Meier analysis were included in the multivariate Cox regression model. The multivariate Cox regression analysis indicated that IBP may serve as an independent prognostic marker for OS [hazard ratio (HR)=2.317; 95% confidence interval (CI), 1.484-3.617; P<0.001] and RFS (HR=4.099; 95% CI, 2.209-7.606; P<0.001) in EOC (Table III) . Furthermore, FIGO stage (P=0.029 and P=0.002, respectively), lymph node (P=0.022 and P=0.013, respectively), and peritoneal metastasis (P=0.014 and P=0.020, respectively) were significantly associated with OS and RFS. However, histological grade and histological type were not independent predictive factors for RFS and OS. Table I . Association between interferon regulatory factor-4 binding protein overexpression and clinicopathological characteristics of ovarian carcinoma. 
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Discussion
To the best of our knowledge, the present study was the first to reveal the expression of IBP in primary untreated epithelial ovarian carcinoma and normal ovarian tissue through IHC using paraffin-embedded samples. In addition, the present study investigated the association of IBP overexpression with clinicopathological factors and prognosis of patients with ovarian cancer. Analysis on the experimental data of 107 patients with ovarian cancer indicated that high IBP expression was associated with tumor recurrence, metastasis and a shorter OS or RFS time These data indicate that IBP may be an independent prognostic factor for epithelial ovarian carcinoma.
In previous years, the expression of IBP has been explored: Several studies have identified that IBP was overexpressed, and served an important role in several types of carcinomas, including breast cancer (13, 18) , colorectal cancer (12) and oral squamous cell carcinoma (OSCC) (14) . However, prior to the present study, the expression and prognostic value of IBP in epithelial ovarian carcinoma was unclear. In the present study, the association between IBP expression and clinicopathological features in EOC was analyzed. It was observed that IBP was markedly expressed in EOC specimens, but not in normal ovarian tissue. High IBP expression was significantly associated with high FIGO stage, poor differentiation, high relapse rate, lymphatic metastasis, histological type and peritoneal carcinomatosis. In addition, the Kaplan-Meier method and log-rank test data also suggested that the patients with high IBP expression exhibited significantly poor OS, and RFS in comparison with patients with low expression of IBP. The Cox proportional Table II . Univariate survival analysis of OS and RFS in 107 patients with ovarian carcinoma.
OS, months
RFS, months No.
- hazard regression model demonstrated that IBP was an independent prognostic factor for OS and RFS in patients with EOC. This data suggested that IBP serves an important role in the carcinogenesis and tumor progression of EOC, and therefore may be a promising prognostic marker. These results are in accordance with previous studies demonstrating the roles of IBP in tumor progression in breast cancer (13, 18) , colorectal cancer (12) and oral squamous cell carcinoma (14) , and suggest an association between high IBP expression and unfavorable biological behavior in EOC including poor histological grade, high FIGO stage, lymph node and peritoneal metastasis. All these results suggest that IBP serves an important biological role in carcinogenesis and tumor progression. At present, certain indicators attempt to explain the mechanisms by which IBP promotes cancer development. Specifically, IBP and GEF family molecules have similar structures. Therefore, IBP may exhibit GEF-like characteristics. GEF is a member of the diffuse B-cell lymphoma protein family that promotes the GDP/GTP exchange reaction converting inactivated GDP-ρ into GTP-ρ, and participating in the regulation of ρ GTPase family (19) . The ρ GTPase family is involved in the regulation of a number of physiological process, including the motility and polarity of the cell, cell proliferation, formation of cytoskeleton, cell cycle and cross-membrane signal transfer (20) (21) (22) . ρ GTPase also serves an important function in the apoptosis, division, metabolism, proliferation, migration and invasion processes of tumor cells by regulating the gene transcriptional activity (23) . In addition, it may regulate the interaction between tumor cells and surrounding stromal cells (23, 24) . Furthermore, the tumorigenic activity of ρ GTPase family is reflected in its excessive expression in various types of tumors (23, 25, 26) . Saurin et al (27) demonstrated that the ρ GTPase family was involved in the migration, invasion and resistance of colon cancer. Zhang et al (18) suggested that D4-GDI, a type of ρ GTPase family regulatory factor, may promote the invasion of breast cancer. In addition, further studies indicated that GEF and ρ GTPase were expected to become a target for cancer treatment (11, 24) .
IBP has a similar structure and function to members of the GEF family, and may participate in the activation and regulation of ρ GTPase family molecules (10, 28) . IBP may also work together with activated Rac1 to regulate cell morphology (29) and affect cell differentiation via its interaction with integrins (30) . An intramolecular basic amino acid-rich region K328-R340 (KRREQREQRERRR) exists within the IBP molecule, thereby suggesting that this molecule may be transposed into the nucleus to regulate gene expression (31) . These studies indicated that IBP has a significant role in tumorigenesis and development.
Jian et al (14) identified that IBP was ectopically expressed in certain cases of OSCC, and that its expression was significantly correlated with tumor size, clinical stage, differentiation and distant metastasis. In addition, the upregulation of IBP expression markedly promoted the proliferation of OSCC cells and its knockdown inhibited the proliferation of OSCC cells. They suggested that IBP shortened the G1 phase, and enhanced the proportion of tumor cells entering the S phase, potentially through increasing the expression of cyclin D1. Li et al (13) revealed that IBP was highly expressed in breast cancer, but expressed at low levels in normal breast tissues, and that the ectopic expression of IBP was correlated with the malignant behavior of human breast cancer cells. Furthermore, Chen et al (32) suggested that IBP-mediated suppression of autophagy promotes the growth and metastasis of breast cancer cells by activating the mechanistic target of rapamycin kinase complex 2/protein kinase B/forkhead box O3a signaling pathway. Yang et al (33) demonstrated that IBP was a target gene of tumor protein 53 and that it suppresses cisplatin-induced apoptosis of breast cancer cells. Zhang et al (12) also indicated that IBP was overexpressed in colorectal cancer, but not in normal tissues; such observations were associated with the occurrence and development of colorectal cancer.
In conclusion, the present study demonstrated that IBP was overexpressed in the majority of patients with ovarian carcinoma, and that increased IBP expression was significantly associated with advanced tumor aggressiveness and poor prognosis. Therefore, these data may be used as evidence for the additional study of IBP as a novel biomarker to predict the prognosis of epithelial ovarian carcinoma. 
OS RFS ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
